Preparation of GAT-Bearing Macrophages. Peritoneal exudate cells, as a source of M(b, were
collected from mice injected intraporitoneally (i.p.) with 1 ml sterile 10% proteose peptone broth (Difco Laboratories, Detroit, Mich.) 3 days previously. This procedure routinely yielded 6-8 x 10 ~ cells per mouse, approximately 85% of which were morphologically M~. These cells were washed three times with HBSS, adjusted to 2 × 10 ~ cells/ml in HBSS, and reacted with 100 ~g/ml GAT (containing 1% [12~I]GAT) at 4°C for 45-60 min (13, 17) . The cells were washed three times with 50 volumes of HBSS and adjusted to the desired density in HBSS. GAT bound to M(b was quantitated by counting a portion of the cells in a Packard Autegamma Spectrometer (Packard Instrument Co., Inc., Downers Grove, Ill.) and is expressed as nanograms GAT/105 or 106 cells in the tables. GAT-M~b were added in graded numbers to cultures of 107 spleen or splenic lymphoid cells immediately after preparation. In one experiment (Table I) peritoneal exudate M~b, not reacted with GAT, were added in graded numbers to cultures of 107 splenic lymphoid cells and 107 SRBC.
Immunization of Mice. Mice were immunized by i.p. injection of 3--4 × 10 ~ GAT-M~b (bearing 20-30 ng GAT/10 ~ cells) or 10 ~g GAT in a mixture of magnesium-aluminum hydroxide gel (Maalox; Wm. H. Rorer, Inc., Fort Washington, Pa.) and pertussis vaccine (Eli Lilly & Co., Indianapolis, Ind.) (16) . At various intervals after immunization, spleen cells from these mice were assayed for secondary PFC responses to GAT in vitro. Results 
PFC Responses of GAT-Primed Lymphoid Cells Stimulated by Syngeneic
and Allogeneic M~. The lack of genetic restrictions regulating efficient M~-lymphoid cell interactions in primary PFC responses will be reported in detail separately. 2 However, to present the data on genetic restrictions in M~b-lymphold cell interactions in secondary PFC responses in the proper context, the relevant data on the lack of such restrictions in the primary response should be summarized. First, syngeneic and allogeneic M~ supported development of comparable primary PFC responses to SRBC and GAT in vitro. Second, when GAT-M~b were incubated for 24 h alone before addition to lymphoid cell cultures, approximately 90% of the GAT initially associated with M~b was released into the culture medium. Since the PFC responses stimulated by these aged syngeneic and allogeneic GAT-M~b were comparable and not significantly less than responses stimulated by freshly prepared GAT-M~b, the possibility that GAT is transferred from allogeneic M~b to syngeneic M~b contaminating the splenic lymphoid cells and that this GAT actually stimulates the PFC response is unlikely. Third, since allogeneic M~b may stimulate a mixed lymphocyte response with resultant release of factors which stimulate antibody responses, DNA synthetic responses have been measured in the same cultures used to assess PFC responses; 7 x 104 allogeneic M~b have never stimulated significant DNA synthetic responses in cultures of 107 C57BL/6 lymphoid or spleen cells (E/ C < 1.5). Further, factors which stimulate or enhance PFC responses have not been demonstrated in the medium from such cultures.
In other experiments, we observed that splenic lymphoid cells from mice immunized with GAT developed secondary PFC responses to GAT preferentially when incubated with syngeneic GAT-M~b. To probe this phenomenon further, C57BL/6 mice were immunized with GAT in Maalox-pertussis and their splenic lymphoid cells were incubated with graded numbers of syngeneic or allogeneic (DBA/1 H-2 q) GAT-M~b or normal M~b and SRBC (Table I) . As a control, primary responses to GAT by virgin C57BL/6 lymphoid cells stimulated by the same GAT-M~b were determined. Syngeneic and allogeneic GAT-M~b stimulated comparable primary PFC responses to GAT. By contrast, GAT-primed C57BL/6 lymphoid cells preferentially developed secondary PFC responses to GAT when stimulated by syngeneic GAT-M~, the same M~b that were involved in the immunization process of the lymphoid cells in vivo. These same GAT-primed lymphoid cells, however, developed comparable primary PFC responses to SRBC when incubated with syngeneic or allogeneic M~b, indicating that the restrictions observed in secondary responses are antigen-specific and not a general result of immunization.
In further experiments, C57BL/6 mice were immunized by i.p. injection of syngeneic or allogeneic (DBA!I) GAT-M~b or normal M~b as indicated in Table II . 28 days later, spleen cells from these mice were incubated with graded numbers of C57BL/6 or DBA]I GAT-M~b or 5 /~g soluble GAT. Normal DBA/1 M~b were added to some cultures for control purposes. Spleen cells from mice immunized with C57BL/6 GAT-M~b developed secondary PFC responses to GAT when incubated with soluble GAT or C57BL/6 GAT-Mqb, but not when incubated with allogeneic DBAJ1 GAT-M~b (A). By contrast, spleen cells from mice immunized with DBA/1 GAT-M~b developed secondary PFC responses to GAT when incubated with DBA/1 GAT-M~b, but not when incubated with soluble GAT or C57BL/6 GAT-M~b (B). Spleen cells from mice immunized with beth C57BL/6 and DBA/1 GAT-M~b developed comparable secondary PFC responses when stimulated with soluble GAT, C57BL/6, or DBA/1 GAT-M~b (C). As a control, unprimed C57BL/6 spleen cells developed comparable primary PFC responses when stimulated with soluble GAT, C57BL/6, or DBAJ1 GAT-M~b (E).
To evaluate possible effects due to sensitization of C57BL/6 lymphocytes by DBA/1 M~b, C57BL/6 mice were immunized with C57BL/6 GAT-M~b plus normal neic M~b. These genetic restrictions regulating efficient M~b-lymphoid cell interactions in secondary antibody responses cannot be demonstrated before 2 wk and disappear gradually 8 wk after a single immunization with GAT-M~b.
Localization of Genetic Restrictions Regulating Macrophage-Lymphoid Cell Interactions in Secondary PFC Responses to the H-2 Complex.
The next experiments were designed to determine if the restrictions regulating M~b-lymphoid cell interactions in secondary PFC responses were controlled by the H-2 gene complex. C57BL/6 mice were immunized with syngeneic or allogeneic (DBA/1) GAT-M~b and 24 days later spleen cells from these mice were stimulated with GAT-M~b from the five strains of mice indicated in Table III (H-2 q on C57BL/10 background), and (C57BL/6 × DBA/1)F1 (H-2 bIQ) GAT-M~b (C). Thus, secondary PFC responses to GAT are elicited preferentially by M~b syngeneic or semisyngeneic at the H-2 complex with the M~ which presented GAT to the lymphocytes during the in vivo immunization process. The experiment in Table IV demonstrates (19) . The antigen used in these experiments was the synthetic linear random terpolymer of GAT. Antibody responses to GAT are under H-2-1inked, immune response gene control; mice of the H-2 a'b'dJz'k'r'u'v haplotypes are "responders" (20) ; spleen cells from these mice develop IgG GAT-specific PFC responses when stimulated with soluble GAT or GAT-M& in Mishell-Dutton cultures. Spleen cells from mice of the H-2 n'p'q'" haplotypes fail to respond to GAT and are "nonresponders" (16, 20) . M~b and helper T cells are required for development of antibody responses to GAT by responder B cells in vitro, and the defect in nonresponder mice is not in M~b (13) . M~b from peptone-induced peritoneal exudates of responder and nonresponder mice bind approximately equal quantities of GAT, and these M~b bearing nanogram quantities of GAT stimulate comparable PFC responses by responder lymphoid cells (13, 14, 17) .
The genetic restrictions regulating efficient M~b-lymphoid cell interactions in secondary antibody responses have been investigated, to date, only with GAT. However, these restrictions have been demonstrated with three types of responder spleen or lymphoid cells: C57BL/6 (H-2b), BALB/c (H-2d), and B10.A (H-2a); and with M~b from several murine strains, which are both responders and nonresponders to GAT and which may or may not share specificities encoded by the H-2 complex with the responder lymphoid or spleen cells. Thus, the observations appear to reflect a general phenomenon in secondary responses to this antigen and are not restricted to limited combinations of M~b and lymphoid cells.
It should be pointed out, however, that the observed genetic restrictions in secondary antibody responses are the only criteria of successful in vivo immunization in these experiments available at this time. IgG GAT-specific PFC responses in spleens of mice immunized with GAT-M~ are insignificant compared to those elicited by 10 tzg of GAT. The secondary PFC responses to GAT in vitro have the same kinetics of development and are of the same general magnitude as primary PFC responses. The possibility that immunization with GAT-M~b may lead to a significant shift in the Ig class of the PFC from IgG1 to IgG2 in the secondary response is currently under investigation.
Another observation which deserves comment at this juncture is that spleen cells from mice immunized with allogeneic GAT-M~b, although developing secondary PFC responses when stimulated with the same allogeneic GAT-M~, do not develop significant primary PFC responses when stimulated with soluble GAT or syngeneic GAT-M~. In part, this phenomenon may be related to the problem of criteria of immunization discussed above. Since these spleen cells do respond to the GAT-M~ used for immunization, it is clear that the immune apparatus is intact, i.e., functional specific T cells and B cells are present. Since other studies have indicated that the genetic restrictions operate at the level of the T cell and not the B cell (19) , this observation implies that virgin T cells were either not present in spleens of mice immunized with GAT-M~, or that, if present, their function was either pre-empted or suppressed by the primed T cells. At this time, we have no data to permit a choice among these possibilities.
The observations that secondary antibody responses by immunized lymphoid cells develop preferentially with M~b syngeneic with those used for immunization and that these genetic restrictions appear to operate at the level of the immune T cells, provide an explanation for the genetic restrictions in M~b-lymphocyte interactions observed in DNA synthetic responses to antigen by guinea pig cells (6, 7) . The lymphocytes in these experiments were from animals immunized in the presence of syngeneic M~. The fact that these lymphocytes develop DNA synthetic responses preferentially in the presence of syngeneic M~b is, therefore, entirely consistent with the present findings. More recent observations involving transfer of delayed hypersensitivity in mice indicate that sensitized T cells elicit these responses only when transferred to hosts whose M~b are syngeneic at the I region of the H-2 complex with those present during the sensitization of the T cells (21, 22) . These observations emphasize the critical nature of the M4~ membrane-antigen complex in the sensitization of T cells and in eliciting subsequent responses by immune T cells.
The present findings appear to be in conflict with recent observations that helper T cells develop in vitro only in the presence of M~ sharing specificities encoded by the I region of the H-2 complex with the T cells (5) . However, in the assay of helper T-cell activity, M~b syngeneic with the T cells, but not syngeneic with M~b used to generate the helper T cells, have been employed. On the basis of the present findings, it could be predicted that, if M4~ syngeneic with those used to generate helper T cells were used in the assay, the helper T cells would function preferentially with these M~b. If the genetic restrictions involved in the generation of helper T cells are indeed explained on the basis of the secondary response restrictions demonstrated in the present experiments, both phenomena should be attributable to/-region gene products expressed on M~b. Studies mapping the genetic restrictions in the present system are in progress.
The observations that specifically sensitized T cells respond preferentially when confronted with the same M~-antigen complex used for immunization have considerable implications for the understanding of fundamental mechanisms in immune responses to T-cell-dependent antigens. First, these observations provide evidence for a more actively specific role for M~b in immunizing T cells and eliciting subsequent specific responses by T cells than just presentation of antigen in a highly immunogenic form. Moreover, a role for antigens encoded by the H-2 complex in this process is demonstrated. Thus, immune T cells appear to recognize and respond to specific antigen selectively or preferentially when confronted with that antigen in the context of M~b-membrane molecules encoded by the H-2 complex. Whether M~b-membrane molecules are modified in some way when presenting antigen, i.e. "altered-self concept," or whether T cells recognize antigen only in the context of specific, unaltered membrane molecules, i.e. "linked-recognition concept," is not known at this time (23) .
Nevertheless, the M~b membrane-antigen complex involved in these phenomena may be analogous to the hapten-carrier complex involved in stimulating B cells, i.e., M~b membrane molecules may function as a "carrier" for T-cell antigen recognition. Since the genetic restrictions regulating Mob-lymphoid cell interactions in secondary antibody responses are determined by the H-2 complex, these phenomena may represent an expanded capacity of T cells to recognize antigens encoded by theI region oftheH-2 complex, analogous to the mixed lymphocyte reaction. Recent observations indicate that T cells participating in the mixed lymphocyte response can also participate in responses to nonhistocompatibility antigens (24) . From an evolutionary point of view, recognition of histocompatibility antigens is a primitive mechanism. It is possible that during evolution T cells have expanded the library of antigens which they recognize and respond to by "seeing" these antigens displayed on Me membranes in the context of histocompatibility antigens. This ability to recognize new antigens would provide obvious survival advantages for the species.
Summary
The ability of antigen-bearing syngeneic and allogeneic peptone-induced peritoneal exudate macrophages to support development of primary and secondary antibody responses by murine lymphoid or spleen cells in vitro has been investigated. The antigen used was the terpolymer of L-glutamic acid6°-L-alanine30-Ltyrosine ~° (GAT). Syngeneic and allogeneic macrophages supported development of comparable primary antibody responses to GAT, indicating that genetic restrictions do not limit efficient macrophage-lymphocyte interactions in primary responses. By contrast, immunized spleen or lymphoid cells developed secondary antibody responses preferentially when stimulated in vitro with GAT on macrophages syngeneic to the macrophages used to present GAT during in vivo immunization. Thus, genetic restrictions regulate efficient macrophagelymphocyte interactions in secondary antibody responses. These restrictions have been demonstrated from 2 to 8 wk after a single immunization with limiting quantities of GAT and are controlled by the H-2 gene complex. The implications that immune lymphocytes selectively recognize and respond to antigen presented in the context of the macrophage membrane-antigen complex which sensitized the lymphocytes initially are considered.
